Changes in the proportion and approximate number of muscle satellite ceils were studied by electron microscopy from 1 to 64 weeks of age in the pig. Transverse sections of the white portion of the peroneus longus and sartorius muscles were examined in gilts at 1, 2, 4, 8, 16, 32 and 64 weeks of age. The percentage of fibers that contained myonuclei increased with age, while the percentage of nuclei within the basal lamina that were satellite cell nuclei gradually decreased with age. It was concluded that the ultrastructural characteristics and postnatal changes in the satellite cell population of pig skeletal muscle support previous reports for other mammalian species. However, preliminary evidence suggested that the absolute number of satellite cells increased for some time between 1 and 32 weeks of age in the areas sampled in these two muscles.
I ntroduction
The satellite cell (Mauro, 1961) of skeletal muscle is a spindle-shaped cell that is wedged between the basal lamina and sarcolemma of the myofiber. This cell can undergo mitosis, and Moss and Leblond (1971) determined that 1The authors express appreciation to the University of Georgia Agr. Exp. Sta. Swine Farm for providing the animals used in this study.
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nuclei of daughter satellite cells were the source of nuclear DNA added to myofibers during growth. There is an absolute as well as a relative decrease in the muscle satellite cell population of the fetal pig (Campion et al., 1979) that is similar to that in the neonatal mouse (Schultz, 1974) and rat (Allbrook et al., 1971) . Ageassociated changes in the postnatal satellite cell population have not previously been reported for the pig.
Pigs with the greatest muscle mass invariably possess the greatest DNA content (Ezekwe and Martin, 1975 ; Powell and Aberle, 1975 ; Buhlinger et al., 1978; Martin et al., 1979) . Since satellite cells are the progenitors of myofiber nuclei posmatally, a study of the satellite cell content in the pig is particularly warranted.
Materials and Methods
Three crossbred gilts were sacrificed at each of the following ages: 1, 2, 4, 8, 16, 32 and 64 weeks of age. Length of the exposed sartorius and peroneus longus muscles was determined with the limb joints held at a fixed angle (Campion et al., 1979) . A 1-cm length of muscle parallel to the long axis of the myofibers Was clamped to prevent shortening and removed from each muscle. No further attempt was made to correct the estimates of nuclear population to a standard sacromere length. The superficial white portion of the sartorius and the white portion of the peroneus longus muscles (Swatland, 1973) were sampled in this manner. The clamped strips were placed into ice cold 2% glutaraldehyde in .1 M phosphate buffer for 1 hour. The clamps were removed and the specimens postfixed for 1 hr in cold 1% osmium tetroxide buffered with veronal acetate. The muscle samples were then trimmed and embedded in Epon4. Thin sections (silver interference, ,70 nm) were stained in uranyl acetate and then in lead citrate. The specimens were examined with a Hitachi HU-12 electron microscope.
In every animal, myofibers were examined in transverse sections for the presence of myonuclei and satellite cell nuclei. From these data, the percentage of myofibers exhibiting myonuclei and satellite cell nuclei and the percentage of nuclei within the basal lamina that were satellite cell nuclei were calculated as outlined by Schultz (1974) . The mean nuclear length was determined at 32 and 64 weeks of age on 1-gtm thick longitudinal sections stained with methylene blue-azure II. The mean nuclear length for 1-week-old animals was reported previously (Campion et al., 1979) .
The data were analyzed by the General Linear Models program with the Statistical Analysis System of Barr et al. (1976) . The model included linear and quadratic terms. When the quadratic term was not significant (P>.IO) for a particular trait, an analysis including only the linear term was conducted.
Results and Discussion
The ultrastructural characteristics of the satellite cells of skeletal muscle have been described for a variety of vertebrate species (Mauro, 1961; Muir et al., 1965; Muir, 1970; AUbrook et al., 1971; Flood, 1971; Korneliussen and Nicolaysen, 1975; Schmalbruch and Hellhammer, 1976; Schuhz, 1976) . Remarkable similarity exists among species, however, in (1) the type of cytoplasmic organelles present, (2) the heterochromatic arrangement of the nuclear material, (3) the high nuclear to cytoplasmic volume ratio and (4) anatomical arrangement with respect to the myofiber and encompassing basal lamina. These traits or similarities can also be ascribed to the satellite cells of postnatal pig muscle.
The results of nuclear counts expressed as percentages are illustrated in figures 1 and 2 for transverse sections of the white portion of the peroneus longus muscle and the sartorius muscle, respectively. The lines are the calculated regression lines, with age as the independent variable and percentage of nuclei as the variable subject to error. The percentages of fibers that exhibited myonuclei increased in both muscles with age, which supports previous work conducted with the pig by histochemical (Swatland, 1977) and biochemical (Powell and Aberle, 1975; Harbison et al., 1976) techniques.
The mean values for percentage satellite cell nuclei of all nuclei contained within the basal lamina in transverse sections tended to decrease with age. Ontogenic studies of this particular trait in the mouse and rat (Allbrook et al., 1971; Schuhz, 1974; Cardasis and Cooper, 1975; Kelly, 1978) have yielded similar results. This finding reflects transformation of satellite cell nuclei into myofiber nuclei, whose numbers increase with age. The experimental mean values for percentages of nuclei within the basal lamina that were satellite cell nuclei at 64 weeks of age (4.3 + .4%,peroneus longus muscle and 1.1 + .2%, sartorius muscle) are comparable to values reported in skeletal muscle of adult rats (Allbrook et al., 1971) , mice (Schultz, 1974) and humans (Schmalbruch and Hellhammer, 1976) .
The percentage of satellite cell nuclei present in transverse sections, however, proved more variable than the percentage of myofiber nuclei. For both muscles, the experimental mean values were highest at 16 weeks of age, while the predicted values were highest at 32 weeks of age. Some of the variation in these measurements is associated with the technological problems of variability in sacromere lengths, small sample size and variable nuclear length in combination with small section thickness. These problems are inherent in morphological studies, especially those conducted with the electron microscope. These problems are discussed more extensively elsewhere (Abercrombie, 1946; Maruenda and FranziniArmstrong, 1978; Atherton and James, 1980) . Use of the transmission electron microscope in our study, however, was particularly suitable for identification of satellite cells. At the light microscope level, it is not always possible to distinguish between the nucleus of a myofiber and that of a satellite cell.
Although these data must be viewed with some reserve because of the limitation already pointed out, we consider it worthwhile to gain a preliminary estimate of the absolute changes in satellite cell numbers with age. For this purpose, the formula of Schultz (1974) and 64 weeks of age, respectively. The sartorius fibers contained 13, 45 and 14 satellite cells at the three respective ages. These data suggest that, between 1 and 32 weeks of age, the absolute number of satellite cells increased in the white portion of these two muscles and that this number was at least maintained between 1 and 64 weeks of age. This further suggests that not all mitoses of satellite cells automatically result in the incorporation of a daughter nucleus into the growing muscle fiber. This finding is in contrast to the trend observed in fetal pig muscle, in which a decrease in the absolute number of satellite cells was found from 90 days of gestation to 1 day of age (Campion et al., 1979) ,
Much of the variation in the incidence of myofiber nuclei was accounted for by ageassociated differences (R z = .95 and .90 for the peroneus longus and sartorius muscle, respectively). Considerably less variation in the incidence of satellite cell nuclei (R 2 = .16 and .37 for the peroneus longus and sartorius muscles, respectively) and in the percentage of nuclei within the basal lamina that were satellite cell nuclei (R 2 = .37 and .43 for the peroneus longus and sartorius muscles, respectively) was accounted for by differences in age of the animals. The lower coefficients of determination for the satellite cell nuclei traits indicate that muscle satellite cell content may vary somewhat independently of age. Future examination is warranted to determine whether it is possible to select animals on the basis of muscle satellite cell content independently of age or weight of the animal. Presumably, an animal with a high muscle satellite cell content would have a capacity for generating myonuclei at a faster rate, and perhaps for generating more total myonuclei or, in other words, more total muscle mass. The quantitative aspects of this study, however, essentially confirm findings from previous studies with other mammalian species in that (1) the number of myofiber nuclei increased during postnatal growth and development, (2) satellite cells were normally present in postnatal muscle and (3) the percentage of nuclei within the basal lamina that were satellite cell nuclei decreased with age. The tendency for the number of satellite cells to increase for a period of time posmatally varies slightly from reports for the mouse gastrocnemius muscle, wherein the number of satellite cells remained essentially constant from 28 to 63 days of age (Cardasis and Cooper, 1975 
